Background: This retrospective study investigated whether baseline serum lipoprotein(a) (Lp(a)) may predict subsequent stroke in patients under chronic peritoneal dialysis (PD). Methods: Eight hundred and sixty incident PD patients, treated from 1 November 2005 to 28 February 2017, were enrolled, and followed until discontinuation of PD, death, or 31 May 2017. Hemorrhagic or ischemic stroke was the primary outcome. The population was stratified by baseline serum Lp(a) tertile. The risk of each stroke subtype was analyzed using the Cox proportional hazard models. Adjustments were made for: age; gender; history of stroke and hypertension; systolic blood pressure; lipid-lowering, antiplatelet and antihypertensive medications; laboratory profiles including hemoglobin, serum albumin, calcium, triglyceride, total and low-density lipoprotein cholesterol; and apolipoprotein A1. Results: Among the 860 participants, 19.3% and 4.1% had diabetes mellitus and a history of stroke, respectively. The median baseline serum Lp(a) was 328 (172-585) mg/L. After 28 (14-41) months of follow-up, 33 (3.84%) and 12 (1.40%) patients developed hemorrhagic and ischemic stroke, respectively. Participants in the highest Lp(a) tertile had a significantly lower risk of hemorrhagic stroke compared with those in the lowest tertile (hazard ratio (HR) 0.3, 95% confidence interval (CI) 0.1-0.86; p ¼ .026); the rates of ischemic stroke were comparable among the tertiles. Each 10 mg/L rise in serum Lp(a) was associated with a 2% (95% CI 0.96-1; p ¼ .033) lower risk of hemorrhagic stroke. Conclusions: Among patients with incident PD, a higher serum Lp(a) level may predict a lower risk of hemorrhagic stroke.
Background
Lipoprotein(a), or Lp(a), is a lipoprotein moiety with a lipid composition resembling that of low-density lipoprotein. Lp(a) consists of apolipoprotein(a), or apo(a), covalently bound to apolipoprotein B100 [1] . Prior studies have suggested that elevated serum Lp(a) levels were predictive of incident cardiovascular events, with mechanisms that involved the deposition of Lp(a) cholesterol in the intima, and thrombolysis and the clearance of fibrin were both inhibited, based on the competition between apo(a) and plasminogen for plasminogen receptors on vascular cells [2] .
Stroke is the most common vascular complication among chronic dialysis patients [3] . The incidence of stroke in dialysis patients is 13.7-49.2/1000 patientyears [4] [5] [6] . The risk of stroke in these patients is more than threefold that of the general population [5, 7] .
Recent studies indicated a close correlation between serum Lp(a) level and risk of developing ischemic stroke [8] . Zhang and Zhang [9] reported that among patients with ischemic stroke, high serum Lp(a) levels were associated with increased severity and poor prognosis.
Most studies have addressed an association between Lp(a) and the risk of ischemic stroke, but rarely hemorrhagic stroke, the latter with conflicting results. A large meta-analysis of 36 prospective studies concluded that higher serum Lp(a) levels were associated with an increased risk of ischemic stroke, but there was no significant association with risk of hemorrhagic or total stroke [10] . In a prospective study, Ishikawa et al. [2] observed an inverse association between serum Lp(a) level and the risk of hemorrhagic stroke and overall stroke. Furthermore, high serum Lp(a) was associated with a decreased risk of cerebral and airway bleeding among a general population [11] . Few studies have investigated an association between Lp(a) and the risk of atherosclerotic cardiovascular disease in chronic dialysis patients [12, 13] .
We are not aware of any study of an association between serum Lp(a) and the risk of hemorrhagic stroke in patients under chronic dialysis. Considering that serum Lp(a) levels are usually higher in patients under peritoneal dialysis (PD) compared with either the general population or those under hemodialysis [14] , we hypothesized that serum Lp(a) may be an important predictor of the risk of hemorrhagic stroke in patients undergoing PD.
The present retrospective study analyzed an association between serum Lp(a) and the risk of developing stroke (hemorrhagic or ischemic) in a longitudinal cohort of patients treated with PD, with a median follow-up of 28 months.
Methods
The Human Ethics Committee of Nanchang University approved this study (application ID: [2019]088), which complied with the ethical principles of the Declaration of Helsinki [15] .
Cohort and registration of clinical data
All patients with incident PD, defined as those for whom PD was their first modality of renal replacement therapy, were retrospectively enrolled in the present study. These patients received follow-up in the PD center at First Affiliated Hospital of Nanchang University, Jiangxi, China between 1 November 2005 and 28 February 2017, in accordance with the study protocol published previously [16] . For inclusion in this study, each patient was !18-years-old during PD initiation, and survived !90 days from the first day of PD treatment. Patients with any of the following were excluded: transferred from hemodialysis; had a failed renal allograft; received PD catheterization in other hospitals; or did not have available baseline serum Lp(a) data.
The patients were followed until discontinuation of PD, death, or 31 May 2017, whichever occurred first. Baseline demographic data included age, gender, diabetic status, prior history of stroke, and the cause of end-stage renal disease at baseline. Also recorded were body mass index, blood pressure, and medication regimens. Serum biochemical data included hemoglobin, albumin, blood urea nitrogen, creatinine, calcium, total cholesterol, high-density and low-density lipoprotein cholesterol (HDL-C and LDL-C, respectively), triglyceride, apolipoprotein A1 (Apo A1), apolipoprotein B (Apo B), and Lp(a). The patients' residual renal function was assessed by the estimated glomerular filtration rate using the formula of the Chronic Kidney Disease Epidemiology Collaboration. The participants' baseline data were collected during their first three months under PD.
The follow-up of study participants was done based on a comprehensive protocol, including a regular outpatient follow-up (every 2-3 months for patients who lived nearby and every 3-6 months for those who lived at distant areas), monthly phone call and home visits. The primary outcome of this study was the development of stroke events during the follow-up period. These were reported during the following: monthly phone calls; subsequent outpatient follow-up; electronic health records of hospitalization using the ICD-10 (tenth revision of the International Statistical Classification of Diseases and Related Health Problems) codes 163.9 and 161.9 for ischemic and hemorrhagic stroke, respectively; or the cause of death listed on death certificate. These events were adjudicated by a committee consisting of PD nurses and attending staff responsible for PD care.
Statistical analyses
Due to the limited number of stroke events, we divided the patients based on baseline serum Lp(a) tertiles: T1, 220 mg/L; T2, 220-468 mg/L; and T3, >468 mg/L. The patients' characteristics in each tertile were expressed as percentage for categorical variables, means with standard deviations for continuous variables with normal distribution, or medians with interquartile ranges (IQRs) for continuous variables without normal distribution. The Kruskal-Wallis tests or analysis of variance was used for comparing continuous variables, and chisquared tests for comparing categorical variables between participants within each Lp(a) tertile. The Kaplan-Meier technique was applied to estimate between-group survival, and compared the probability of survival between Lp(a) tertiles based on the logrank test.
An association between serum Lp(a) level and the risk of stroke was examined using the Cox proportional hazards regression analyses, after the data of the following patients were censored: switch to hemodialysis; renal transplantation; transfer to another center; declined further treatments; or lost to follow-up. Univariate results were determined, and then multivariate adjustments were conducted to account for age, gender, prior history of stroke and hypertension, systolic blood pressure, lipid-lowering, antiplatelet and antihypertensive medication. Another regression analysis was conducted to evaluate whether baseline serum Lp(a) was independently associated with the risk of developing stroke. This analysis further incorporated hemoglobin, serum albumin, calcium, total cholesterol, LDL-C, triglyceride, and Apo A1. Covariates with p < .05 in the univariate Cox analyses were chosen, or those deemed of clinical importance for inclusion in the multivariate Cox regression analyses. The results are shown as hazard ratio (HR) and 95% confidence interval (CI).
All analyses were performed using SPSS version 22.0 (SPSS, Chicago, IL). A p Value <.05 was considered statistically significant.
Results

Overview of the clinical features of PD participants
The records of 1011 patients treated with incident PD, monitored in our hospital, were reviewed. Among these, 151 were excluded for the following reasons: three were younger than 18 years; two had a failed renal allograft; eight were transferred from hemodialysis; 21 did not receive PD for more than 3 months; and 117 had no available baseline serum Lp(a) data. Thus, 860 patients were finally enrolled, and their data were recorded for subsequent analysis (Figure 1 ). In the PD center, all patients treated with PD received dialysates with 1.5% or 2.5% dextrose, and the connecting system was the twin-bag system type.
The mean age of the study participants was 49.9 ± 14.5 years, and 57.6% were men (Table 1 ). Of the 860 participants, 4.1% and 19.3% had a prior history of stroke and diabetes, respectively. Only 9.9% received lipid-lowering medications to manage dyslipidemia. The most common causes of end-stage renal disease in these patients were chronic glomerulonephritis (64.3%), diabetic nephropathy (16.3%), and hypertension (12.8%).
Categorization of serum Lp(a) levels and associated factors
The overall median serum Lp(a) level was 328 (IQR, 172-585) mg/L. Participants were stratified into tertiles (T1, T2, and T3) based on serum Lp(a). The group with the highest Lp(a) (T3) had the greatest percentage of patients receiving lipid-lowering agents, high serum total cholesterol, LDL-C, non-HDL-C, and Apo B, but lowest serum albumin. Among the three tertile groups, there were no differences in age, gender ratio, or history of diabetes, cardiovascular disease, or stroke. The groups were also similar with regard to rates of patients receiving antiplatelet agents; blood pressure; hemoglobin; and serum C-reactive protein ( Table 1 ). Serum Lp(a) level significantly correlated with total cholesterol, LDL-C, HDL-C, non-HDL-C, Apo A1, and Apo B levels (r ¼ 0.267, 0.282, 0.079, 0.267, 0.089, and 0.25, respectively; p < .001, <.001, ¼ .020, <.001, ¼ .009, and <.001; Table 2 ). Serum Lp(a) levels also positively correlated with C-reactive protein levels (r ¼ 0.09; p ¼ .018).
Association between serum Lp(a) and the primary outcome
After a median follow-up of 28 months (IQR 14-41), 33 and 12 events of hemorrhagic and ischemic stroke occurred, respectively, while 202 patients died. Other causes of censoring included 52 receiving kidney transplantation, 127 transferred to hemodialysis, six transferred to other PD centers, and 20 lost to follow-up. Thus, 453 remained and were followed in the PD center.
The percentages of patients with hemorrhagic strokefree status at the first, third, and fifth year of follow-up were, respectively: in T1, 97.8%, 92.5%, and 87.5%; in T2, 98.1%, 95.1%, and 91.3%; and in T3, 99.6%, 98.1%, and 94.2% (Figure 2 ). The rate of hemorrhagic stroke-free status of the T3 group was the highest among all the tertiles (p ¼ .028). For ischemic stroke-free survival, the 1, 3, and 5-year survival rate was 99.2%, 98.5%, and 98.5, respectively, in the T1 group; 99.6%, 98.5%, and 95.3%, respectively, in the T2 group; and 99.2%, 98.7%, and 98.7%, respectively, in the T3 group (p ¼ .784).
Associations between serum Lp(a) level and the risk of hemorrhagic or ischemic stroke were examined using the Cox proportional hazard regression (Table 3) . After extensive adjustment for confounders, there was a significantly lower risk of hemorrhagic stroke in the T3 tertile (Lp(a) > 468 mg/L) compared with the T1 tertile (Lp(a) 220 mg/L) (HR, 0.30; 95% CI, 0.10-0.86; p ¼ .026). The association between serum Lp(a) level and the risk of hemorrhagic stroke remained significant when serum Lp(a) was examined as a continuous variable. Furthermore, each 10-mg/L increase of serum Lp(a) level was associated with a 2% lower risk of hemorrhagic stroke (95% CI, 0.96-1.00; p ¼ .033).
No significant association was found between serum Lp(a) level and the risk of ischemic stroke in any regression model.
Discussion
In this retrospective cohort study, the clinical characteristics associated with serum Lp(a) level among patients treated with PD were examined. The main finding was that higher serum Lp(a) level was inversely associated with the risk of hemorrhagic stroke during follow-up. To our best knowledge, this study is the first to examine this association in patients receiving chronic dialysis.
Among patients with incident end-stage renal disease, cardiovascular disease is the most common morbidity and the predominant cause of mortality. Cardiovascular disease accounts for 33%, 37%, and 41% of these patients' hospitalizations, rehospitalizations, Figure 2 . Hemorrhagic stroke-free survival curves for patients treated with peritoneal dialysis stratified by serum lipoprotein(a) tertile. and deaths, respectively [3] . Among all cardiovascular diseases, stroke is one of the most common causes of mortality and the leading etiology of disability, and about 2.5 million new stroke cases occur each year in China [17] [18] [19] .
Patients with end-stage renal disease often suffer from defective coagulation and fibrinolysis, and uremic patients may be in a procoagulant state but simultaneously have an increased risk of bleeding [20, 21] . The cause of this paradoxical phenomenon is debatable, but serum Lp(a) level may be an important but underrecognized contributing factor.
As a complex polymorphic lipoprotein, Lp(a) contains apo(a) a as a constituent, whose structure resembles plasminogen, a key component in the fibrinolysis cascade [22] . The presence of apo(a) confers unique anabolic and catabolic functions to Lp(a). Lp(a) can impair fibrinolysis through its competition with plasminogen due to its structural similarity [22] . Plasminogen circulates in a closed, activation-resistant conformation. Upon binding to fibrin clots, plasminogen adopts an open form and is converted into active plasmin by a variety of enzymes [23, 24] . The apo(a) glycoprotein in Lp(a) has repeated copies of kringle-IV that are similar to the kringle-IV found in plasminogen [25] . As a result, plasminogen activation, plasmin generation, and fibrinolysis are impaired [26] . Another plausible explanation for the relationship between Lp(a) and the risk of hemorrhagic stroke may be related to the lysine-binding characteristics of Lp(a), allowing Lp(a) to bind lysine-rich components of the coagulation system. A potential candidate of such lysine-rich component is the tissue factor pathway inhibitor (TFPI), which has numerous lysine moieties in its carboxy-terminal portion, and has been found at high levels in patients with end-stage renal disease [20] . TFPI is a major endogenous regulator of tissue factor-mediated coagulation, and this pathway is prominently upregulated remarkably in patients with renal failure [27] . Inhibiting TFPI can also mitigate bleeding [28] . Caplice et al. [29] found that Lp(a) binds and inactivates TFPI in vitro, further lending support to the present study, in which an inverse association between Lp(a) and the risk of hemorrhagic stroke was found.
Among 109,169 individuals, researchers found that an increased Lp(a) level was associated with a low risk of major cerebral and airway bleeding [11] . Another study of 10,494 individuals similarly showed that, compared with those with the lowest Lp(a), participants with the highest Lp(a) had a significantly lower risk of cerebral hemorrhage, both in men (HR 0.34, 95% CI 0.15-0.76) and women (HR 0.44, 95% CI 0.21-0.96) [2] .
The findings of the present study extend the above results from general populations to patients treated with PD, supporting an inverse association between Lp(a) and the risk of hemorrhagic stroke.
In the literature, high serum Lp(a) is considered a risk factor for ischemic stroke among the general population. Results from the Atherosclerosis Risk in Communities (ARIC) study indicated that higher serum Lp(a) levels were associated with an increased risk of ischemic stroke, primarily among those without atrial fibrillation [1] . Another clinical trial similarly revealed that increased serum Lp(a) levels were associated with a higher risk of ischemic stroke, with serum Lp(a)!15 mg/dL predicting an 83% higher risk [30] . A recent meta-analysis of 90,904 subjects yielded the same conclusion [8] , and Lp(a) levels could predict the severity of stroke and functional outcomes [31] . However, in the present study, no increase in the risk of ischemic stroke was shown among patients with elevated Lp(a) levels treated with PD, a finding that was more compatible with results from the EPIC-Norfolk [32] and PRIME study [33] . These studies did not identify a significant association between serum Lp(a) levels and the risk of ischemic stroke.
We think there may be three factors that are responsible for the absence of a significant association between serum Lp(a) levels and the risk of ischemic stroke, observed in the present study. First, the number of ischemic stroke events was low during the follow-up period, and therefore the statistical power was insufficient to determine the significance of this association. Second, the serum Lp(a) levels positively correlated with total cholesterol, LDL-C, and non-HDL-C. It is possible that an association between serum Lp(a) and the risk of ischemic stroke was neutralized by the effect of other lipid parameters. Third, the association between Lp(a) and ischemic stroke may differ between patients of different ethnicities. As reported in the REGARDS Study, the authors confirmed a positive association between Lp(a) and ischemic stroke in African Americans but not in Caucasians [34] .
The strengths of the present study include the large sample size and the novelty of the hypothesis. It is the first to report that Lp(a) was protective against the risk of hemorrhagic stroke among patients treated with PD. However, this single-center study may be limited by its retrospective nature, which possibly lowered the reportage of hemorrhagic and ischemic stroke, which were the main outcomes. So too, only baseline serum Lp(a) levels were analyzed, which did not account for changes in Lp(a) during the follow-up, and the followup period might be too short to permit a concise evaluation of the incidence of stroke. Third, due to the single center nature of this study, the generalizability of our findings can be limited and needs to be improved by a multicenter study. Finally, the low outcome rates made it difficult to analyze all the known risk factors of stroke, and residual confounding factors could still be possible.
Conclusions
The present study showed that serum Lp(a) levels were independently and inversely associated with the risk of hemorrhagic stroke among patients treated with PD. These findings indicate that serum Lp(a) may serve as a clinical marker capable of estimating the risk of hemorrhagic stroke in patients treated with PD.
